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Fig. 1. Schematic view of a streamlined weir
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Fig. 2. Schematic view of the experimental models
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Fig. 3. Mesh generation around a streamlined weir (A = 0.5)
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A W (cm) Q (lits)

Y, (cm)

Y, (cm) Y3 (cm) Fry Fry

0.5 16.4 76.5 35.6

14.5 8.1 0.29 2.65

Table (1) Geometric and hydraulic characteristics of flow applied for selection of the best turbulence model
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Fig. 4. Measured water surface profiles compared with the numerical results
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Qlit/'s)  Yyi(em) Y,(cm) Yz (cm) Fry Fry
100 38.6 175 10.6 0.33 2.31
70 345 14.2 7.7 0.28 2.61
40 295 10.1 4.8 0.20 3.04
10 21.9 4.3 16 0.08 3.94

Table 2. Hydraulic characteristics of flow over a streamlined
weir with A = 0.5
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Abstract:
Weirs are types of the hydraulic structures that are used in water supply systems and irrigation channels for
different purposes including; to increase the upstream water depth, to measure the flow discharge, to divert
or evacuate the excess water flow from dams and open channels. Weirs are classified in three main groups
as; sharp-crested-, short-crested-, and broad-crested weirs. The thickness of the crest results in different
velocity and pressure profiles over the weir crest and consequently tends to various flow behaviors. The
streamlined weirs are a type of short-crested weirs that are designed based on the theory of airfoils. This kind
of weirs have some merits compared to the other types of weirs. These are; high discharge coefficient,
stability and submergence limit as well as the least fluctuations of water free-surface profile. Despite the
extensive studies have been carried out on the different types of short-crested weirs such as; circular-crested
and overflow weirs, there are a lack of fundamental studies on the streamlined weirs, thus the flow
characteristics over the streamlined weirs are still unknown.
The present study is subjected to numerical, and experimental simulation of hydraulic characteristics of flow
over the streamlined weirs. Numerical simulations were performed using an open source OpenFoam
software. Based on the objectives of the present study, to evaluate results of the numerical modeling,
experimental investigation was also performed, applying different experimental models of streamlined weirs.
The shapes of the experimental and the simulated numerical models were obtained based on the Joukowsky
transform function. To validate the numerical results, the numerical predictions of the free-surface profiles,
the flow velocity profiles over the weir crest, and the bed pressure along the structures were compared to
those of the model experimentation. Analyzing the results of different turbulence models including standard
k-& model, realized k-¢ model, RNG k-¢ model, k- SST model and Reynolds stress LRR model, indicated
that the k-o SST model is the most accurate numerical turbulence model for the determination of flow
characteristics over the streamlined weirs. The results of the numerical simulations for different flow
discharges and different geometrical characteristics, showed that, increasing the flow discharge and the
relative eccentricity in Joukowsky transform function, tends to increase the velocity and consequently to
decrease the pressure over the weir crest. Therefore, the lowest pressure and the most probable potential of
cavitation belongs to the circular-crested weirs with A = 1 for relatively high flow discharges. Furthermore,
the results showed that the greatest bed shear stresses and the compressive forces occur at the downstream
end of the circular-crested weirs, thus the downstream zone of the circular-crested weirs is responsible to
large values of bed erosion. This is partly due to the formation of shock waves, reduction of the flow depth
and enhancement of the flow velocity downstream of the circular-crested weirs. Furthermore, the lowest bed
shear stresses occur at the upstream end of the circular-crested weirs. Therefore, potential of sedimentation
upstream of the circular-crested weirs increases. Accordingly, by employing streamlined weirs with A < 1,
and an appropriate curvature, unfavorable flow conditions would be removed, leading to a more safe and
economic hydraulic structure.

Keywords: Streamlined weir, Joukowsky transform function, OpenFoam software, Velocity profile,
Pressure distribution.
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